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Preliminary Peak Stage and Streamflow Data at Selected
U.S. Geological Survey Streamgaging Stations in North and
South Carolina for Flooding Following Hurricane Florence,

September 2018

By Toby D. Feaster, J. Curtis Weaver, Anthony J. Gotvald, and Katharine R. Kolb

Abstract

Hurricane Florence made landfall as a Category 1
hurricane at Wrightsville Beach, North Carolina, shortly after
dawn on September 14, 2018. Once over land, the forward
motion of the hurricane slowed to about 2 to 3 miles per hour.
Over the next several days, the hurricane delivered historic
amounts of rainfall across North and South Carolina, causing
substantial flooding in many communities across both States.
For the Hurricane Florence event, a new record rainfall
total of 35.93 inches was set in Elizabethtown, N.C. Many
other locations throughout North Carolina set new records
for rainfall, exceeding the previous State record for rainfall
from a tropical system of 24.06 inches, which was set over a
4-day period in Southport, N.C., during Hurricane Floyd in
1999. In South Carolina, the highest reported total rainfall of
23.63 inches was in Loris, S.C., which was the highest total
rainfall in South Carolina from a tropical cyclone, replacing
the previous total of 17.45 inches associated with Tropical
Storm Beryl in 1994. During the October 2015 flood in
South Carolina, a 4-day total rainfall of 26.88 inches was
recorded in Mount Pleasant; however, because that total rain-
fall was a combination of a tropical storm system and another
front that was centered over the State, it is not considered the
largest rainfall event from a tropical storm.

Peak streamflow and stage data at 84 U.S. Geological
Survey streamflow gaging stations (referred to hereafter
as streamgages) in North and South Carolina with at least
10 years of systematic record and for which the flooding
following Hurricane Florence resulted in a peak in the top 5
for the period of record are included in this report. New peak
streamflows of record were recorded at 18 sites in North Caro-
lina and 10 sites in South Carolina. Another 49 streamgages
recorded peak streamflows in the top 5 for their record (45 in
North Carolina and 4 in South Carolina). Peak streamflow
data following Hurricane Florence were not available for three
additional streamgages prior to the publication of this report.
Of those three streamgages, two recorded a new peak stage
of record and one recorded the second highest peak stage of

record. An additional four stage-only streamgages having at
least 10 years of systematic record also had new peak stages
(also referred to as gage height) of record. For 11 of the 28
streamgages for which the September 2018 peak streamflow
was the peak of record, the October 2016 peak following
Hurricane Matthew was the second largest peak, and for
another four streamgages the September 1999 peak following
Hurricane Floyd was the second largest peak.

For the 28 streamgages for which a new peak streamflow
of record was recorded, a flood-frequency analysis was done
using available systematic record through September 2017 and
the peak streamflow from the Hurricane Florence event. Of
the 28 streamgages analyzed, the estimated annual exceedance
probability for the Hurricane Florence peak streamflow at
9 of the streamgages was less than 0.2 percent, which in
terms of recurrence intervals is greater than a 500-year flood
event. At three streamgages, the estimated annual exceedance
probability was equal to 0.2 percent, and at six streamgages,
it was between 0.2 and 1 percent (between a 500- and 100-
year recurrence interval, respectively). For the remaining
10 streamgages, the estimated annual exceedance probability
was between 1.5 and 7.1 percent, which in terms of recurrence
intervals is approximately a 67- to 14-year event, respectively.

Introduction

Early Friday morning on September 14, 2018, Hur-
ricane Florence made landfall as a Category 1 hurricane at
Wrightsville Beach, North Carolina (North Carolina Depart-
ment of Public Safety, 2018) with a zone of tropical storm
force winds nearly 400 miles wide (Samenow, 2018) (fig. 1).
Two weeks earlier on August 30, 2018, the storm originated as
a strong tropical wave off the west coast of Africa (National
Oceanic and Atmospheric Administration, 2018). By Saturday
September 1, the storm had been upgraded to Tropical Storm
Florence and continued its westward movement (fig. 2). Dur-
ing September 4-5, the storm became a Category 4 hurricane
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Figure 1. National Oceanic and Atmospheric Administration satellite image of Hurricane Florence as it made landfall on
September 14, 2018 (Ashley Hiatt, North Carolina State Climate Office, written commun., October 4, 2018).
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Figure 2. The track of Hurricane Florence through the Atlantic Ocean from August 30 through September 18, 2018 (Ashley Hiatt,
North Carolina State Climate Office, written commun., October 4, 2018).



with maximum sustained winds of 130 miles per hour. In the
following days, Florence continued to move north-northwest
and encountered areas of high wind shear that reduced and
weakened the storm; following periods of strengthening,

the hurricane made landfall as a Category | hurricane (State
Climate Office of North Carolina, 2018a).

As Hurricane Florence moved inland, the forward
motion slowed to about 2 to 3 miles per hour producing large
amounts of rain across the Carolinas (fig. 3). The maximum
4-day rainfall total reached almost 36 inches in some areas
of North Carolina and almost 24 inches in some areas of
South Carolina, resulting in historic flooding in many com-
munities within both States. As of September 20, the death
toll related to Florence had risen to 42 even as some of the
major rivers in the Carolinas continued to rise as flood waters
drained toward the Atlantic Ocean (CBS News, 2018). Duke
Energy reported nearly 1.8 million power outages in the
Carolinas but worked rapidly to restore power throughout the
region. By Sunday night September 23, the utility company
anticipated having power restored to 99 percent of their
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customers (Duke Energy, 2018). By Friday September 21,
more than 820 roads in the Carolinas were still closed with
169 in South Carolina and 656 in North Carolina, including
sections of Interstates 40 and 95 (Alexander and others, 2018).

Initial estimates of total property damage in North
Carolina from Hurricane Florence are in the range of $22 bil-
lion (National Grain and Feed Association, 2018) with initial
estimates of crop damage and livestock losses expected
to surpass $1.1 billion (Sweat, 2018). The North Carolina
Department of Agriculture and Consumer Services preliminary
estimates indicated livestock losses at 3.4 million poultry and
5,500 hogs. In South Carolina, Governor Henry McMaster
estimated damages from Florence to exceed $1.2 billion
(Smith, 2018). South Carolina agricultural losses are estimated
to be close to $125 million, cotton being the hardest hit
crop with preliminary estimates of as much as $56 million
(Hart, 2018).

In addition to the catastrophic flooding from Hurricane
Florence, the coastal and central parts of North and South
Carolina experienced previous catastrophic flooding in 2016
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Figure 3. Accumulated precipitation in North and South Carolina and surrounding States during Hurricane Florence for
September 13-18, 2018 (Rebecca Ward, North Carolina State Climate Office, written commun., October 3, 2018).
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and 2015 from two other tropical events. In October 2016,
Hurricane Matthew brought heavy rainfall to the eastern and
central parts of the Carolinas (Weaver and others, 2016).
Rainfall totals from 3 to more than 15 inches for the 3-day
period October 7-9, 2016, were widespread. For that same
period, one U.S. Geological Survey (USGS) raingage at the
Cape Fear River at William O. Huske Lock near Tarheel in
Bladen County, N.C., (USGS streamgage 02105500) recorded
a total of about 16.9 inches of rain, and in South Carolina,

17.2 inches of rainfall was recorded near Dillon. For the
Hurricane Matthew event, Weaver and others (2016) presented
peak streamflow and (or) stage data for 139 streamgages

(127 in North Carolina and 12 in South Carolina). Twenty-
three of the 127 streamgages in North Carolina recorded

stage only, thus leaving 104 streamgages in North Carolina

for which both peak streamflow and stage were presented.
Twenty-three of the 104 streamgages in North Carolina and

3 of the 12 streamgages in South Carolina had new peaks of
record for streamflow associated with Hurricane Matthew. An
additional 44 streamgages recorded new peaks that ranked in
the top 5 for the period of record. Sixty-seven streamgages had
record lengths of 30 or more years, and of those, 11 had new
peaks of record, and 27 recorded peaks that ranked in the top

5 for the period of record. Historical flood records for USGS
streamgage 02134500, Lumber River at Boardman, N.C.,
indicate that the October 2016 peak streamflow was the largest
since 1901.

Preliminary Peak Stage and Streamflow Data at USGS Streamgages in N.C. and S.C. Following Hurricane Florence

In October 2015, the presence of an upper atmospheric
low-pressure system over the Southeast funneled tropical
moisture from Hurricane Joaquin into South Carolina
causing historic rainfall amounts (Feaster and others, 2015),
which resulted in historic flooding in the central and coastal
parts of the State. The USGS raingage at Black River at
Kingstree, S.C. (USGS streamgage 02136000), recorded about
22.9 inches of rain for the period October 1-5, 2015. Over the
same period, almost 27 inches of rain fell near Mount Pleasant
in Charleston County, S.C. USGS streamgages recorded peaks
of record at 17 locations, and 15 other streamgages had peaks
ranking in the top 5 for the period of record. With respect to
streamflow, USGS streamgage 02136000 recorded the largest
peak streamflow in 87 years, which according to additional
historic information was the largest peak since at least 1893,
based on annual maximum peak stage records from the
National Weather Service.

The USGS collects and disseminates streamflow data at
more than 10,000 streamgages nationwide (fig. 4). Currently
(October 2018) in North and South Carolina, the USGS oper-
ates 282 and 206 real-time streamgages, respectively, in coop-
eration with numerous local, State, and Federal agencies that
monitor gage height, streamflow, reservoir elevations, and tidal
streamflow (https://waterdata.usgs.gov/usa/nwis/rt, accessed
September 20, 2018). Streamflow data collection serves a
variety of purposes including providing information for flood
forecasts and documenting flood extent and levels. Leading

Thursday, September 20, 2018 19:30ET
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Figure 4. U.S. Geological Survey Real-Time Data Network for the United States (https://waterdata.usgs.gov/usa/nwis/rt, accessed
September 20, 2018). Streamflow conditions are computed from the period of record for the current day of the year.
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up to and during flooding, streamflow data are vital for flood
warning, forecasting, and emergency management. The long-
term systematic streamflow data are used to assess risk and to
mitigate flooding through floodplain management and in the
design or repair of infrastructure (for example, road, bridges,
reservoirs, and pipelines), houses, and buildings.

Purpose and Scope

The purpose of this report is to provide preliminary data
documenting the peak streamflows and stages for the rivers
and streams in North and South Carolina that are part of the
USGS Real-Time Data Network and were affected by cata-
strophic flooding following the passage of Hurricane Florence
during September 13—-17, 2018 (fig. 5). The 2018 flood peak
streamflows are placed into context by ranking the September
2018 flood peaks with other annual flood peaks for the period
of record at each streamgage having a minimum of 10 years of
systematic record as well as historic floods that might precede
USGS systematic records. National Weather Service (NWS)
flood stage information is also provided at sites where a NWS
flood stage has been defined (table 1 at the back of the report).
As indicated by the modifier “preliminary,” both streamflow
and rainfall data in this report are considered preliminary due
to the possibility of modifications and adjustments as the data
go through a formal review.

Study Area

The streamgage data (peak stage and streamflow)
documented in this report are part of the USGS Real-Time
Data Network for North Carolina and South Carolina, which
have areas of 53,819 and 31,055 square miles, respectively.
Both States are located on the South Atlantic slope adjacent to
the Atlantic Ocean and are generally divided into three major
physiographic provinces: Blue Ridge, Piedmont, and Coastal
Plain (fig. 5; Cooke, 1936).

The Blue Ridge is a mountainous region of steep terrain
with some stream gradients greater than 250 feet (ft) per mile
(Bloxham, 1979). Land-surface elevations range from 1,000 to
more than 3,500 ft above sea level in South Carolina and more
than 6,000 ft above sea level in North Carolina. The Piedmont
is characterized by rolling hills, elongated ridges, and
moderately deep to shallow valleys. Piedmont land-surface
elevations range from about 1,000 ft above sea level at the
Blue Ridge foothills to about 300400 ft above sea level at the
Fall Line, which is the name given to the boundary between
the Piedmont and Coastal Plain regions.

About two-thirds of South Carolina is in the Coastal Plain
region, where bedrock is overlain by sediments that thicken
from just a few feet near the Fall Line to about 3,800 ft near
Hilton Head Island near the southernmost corner of the
State (Badr and others, 2004). The Coastal Plain in North
Carolina accounts for about one-third of the State’s total area
and is overlain by a sedimentary wedge that thickens from a

featheredge at the Fall Line to more than 10,000 ft at Cape
Hatteras at the Outer Banks (Giese and Mason, 1993; Winner
and Coble, 1996). A narrow hilly region, known as the Sand
Hills, is located at the Fall Line where the Piedmont descends
to the Coastal Plain (Omernik, 1987). The transitional Sand
Hills region is about 30 to 40 miles wide with elevations
ranging from about 200 to more than 500 ft. The lower part
of the Coastal Plain consists of low-elevation, flat plains with
many swamps, marshes, dunes, barrier islands, and beaches,
which typically are lower, flatter, and more poorly drained
than the upper part of the Coastal Plain.

In both States, precipitation is principally delivered by
storms that move inward from the Gulf of Mexico, the Carib-
bean Sea, and the Atlantic Ocean (U.S. Geological Survey,
1985). Additionally, local and upwind land surfaces, as well
as lakes and reservoirs, provide moisture to the atmosphere by
evaporation. In a normal year, monthly precipitation is highest
in the winter, reaching a maximum in early March and then
decreasing sharply in April and May. Fall is typically a dry
season (except in instances when tropical storms or hurricanes
occur) with minimal statewide precipitation during October
and November.

Annual rainfall in South Carolina averages as much as
80 inches in the highest elevations of the Blue Ridge region to
less than 45 inches in parts of the upper portion of the Coastal
Plain and Sand Hills regions (Feaster and others, 2009). In
general, the Blue Ridge region receives an average of about
56 inches or more of annual rainfall, the upper portion of
the Piedmont about 47 to 55 inches, the lower portion of the
Piedmont about 45 to 48 inches, the upper portion of the
Coastal Plain about 44 to 49 inches, and the lower portion of
the Coastal Plain about 46 to 53 inches.

In the Blue Ridge region of North Carolina, the annual
average precipitation ranges from more than 90 inches in
the southwestern part of the State (the rainiest region in the
Eastern United States) to only 37 inches in the valley of the
French Broad River, which is less than 50 miles to the north
(State Climate Office of North Carolina, 2016). The average
annual precipitation in the Piedmont region ranges from about
40 inches in the west to about 50 inches in the east near the
Fall Line (State Climate Office of North Carolina, 2016).
Average annual precipitation in the Coastal Plain region
generally ranges from 50 to 55 inches, with higher values near
60 inches attributed to past tropical storms in the southern
coastal region of North Carolina.

General Weather Conditions
and Precipitation Causing the
September 2018 Flooding

Hurricane Florence was the sixth named storm,
third hurricane, and the first major hurricane of the 2018
Atlantic hurricane season (National Oceanic and Atmospheric
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Administration, 2018). Beginning as a strong tropical wave off
the west coast of Africa on August 30, 2018, Florence became
a tropical depression near Cape Verde on August 31 and began
a west-northwest trek strengthening to a tropical storm by
September 1 (fig. 2). Florence quickly gained strength and
was a Category 4 hurricane by September 5, with maximum
sustained winds of 130 miles per hour. After weakening to
a tropical storm on September 7, a few days later the storm
regained hurricane strength on September 9. Following
a stint of rapid intensification on September 10, Florence
again reached major hurricane status becoming a Category
3 and 4 hurricane on the same day with Category 4 winds
of 140 miles per hour noted by the end of the day. Although
Hurricane Florence’s wind field continued to grow, increasing
wind shear gradually weakened the storm, which lead to the
hurricane making landfall during the morning of September 14
at Wrightsville Beach, N.C., as a Category 1 hurricane (North
Carolina Department of Public Safety, 2018).

As Florence moved inland, the forward motion slowed
to about 2 to 3 miles per hour, producing large amounts of
rain across the Carolinas (fig. 3) with the maximum 4-day
total of about 36 inches in some areas of North Carolina and
nearly 24 inches in some areas of South Carolina, resulting
in historic flooding in many communities in both States. For
the Hurricane Florence event, the NWS reported the highest
total rainfall of 35.93 inches in Elizabethtown, N.C., and
27 additional locations with totals from 21.04 to 34.00 inches
(National Weather Service, 2018b). Many of these locations
set new State records for rainfall, exceeding the previous State
record for rainfall from a tropical system of 24.06 inches that
was set over a 4-day period in Southport, N.C., during Hur-
ricane Floyd in 1999 (State Climate Office of North Carolina,
2018a). In South Carolina, the highest reported total rainfall
of 23.63 inches was in Loris, S.C., and was the highest total
rainfall in South Carolina from a tropical cyclone, replacing
the previous total of 17.45 inches associated with Tropical
Storm Beryl in 1994 (South Carolina State

Methods 7

Methods

In this report, streamflow data refer to both stage or gage
height (in feet) and volumetric streamflow (in cubic feet per
second). These data were collected systematically at USGS
continuous record streamgages or from field measurements
of stage in cases where the gage structure or equipment was
damaged by flood waters. The peak-streamflow data used
in the analyses in this report were obtained from the USGS
National Water Information System (https://waterdata.usgs.
gov/nwis/sw, accessed October 2, 2018).

U.S. Geological Survey streamgages operate autono-
mously by collecting data at regular time intervals (typically
either 5 or 15 minutes) dependent on watershed size and how
rapidly the water rises in the stream. Typical streamgage
records include observations of stage. The stage data are
collected using a variety of methods, including float, submers-
ible pressure transducer, nonsubmersible pressure transducer,
or noncontact radar. More information on how USGS
streamgages operate is available in Lurry (2011). Although
stage data are important, streamflow is often more important
for such purposes as streamflow forecasting and flood warn-
ing, water-quality loading computations, flood-frequency
analysis, and flood mitigation planning. Computation of
streamflow at a streamgage requires periodic measurements of
streamflow over a range of stage. The relation defined between
stage and measured streamflow, or rating curve, is used to
convert the stage data to streamflow. USGS personnel collect
physical observations of stream velocity and stream depth
onsite to determine near-instantancous streamflow (fig. 6;
Turnipseed and Sauer, 2010).

In most cases the relation is a simple stage-streamflow
relation or rating curve. After constructing the rating
curve, continued periodic measurements of streamflow are
required at various stages to verify or support changes to a
streamgage rating curve. During the September 2018 flood,

Climatology Office, 2018). An additional
17 locations in South Carolina reported
rainfall totals between 10.10 and 22.58
inches. During the Hurricane Joaquin
event in October 2015, a 4-day today
rainfall of 26.88 inches was recorded

in Mount Pleasant, South Carolina.
However, because that total rainfall was
a combination of the tropical storm and
another front, it is not considered the
largest rainfall event from a tropical
storm (Melissa Griffin, South Carolina
Department of Natural Resources, written
commun., October 10, 2018).

Figure 6. U.S. Geological Survey personnel use an acoustic Doppler current profiler
to make a streamflow measurement of flood waters from the Cape Fear River in Kelly,
North Carolina, on September 20, 2018.
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USGS personnel made 113 streamflow measurements at
61 locations in North Carolina and 55 measurements at

26 locations in South Carolina to verify, update, or extend
existing stage-streamflow rating curves. An example rating
curve and rating-curve extension is shown in figure 7. In
addition, the USGS deployed 17 rapid deployment gages
(RDGs) in North Carolina and 15 in South Carolina (fig. 8;

50

https://stn.wim.usgs.gov/FEV/, accessed October 12, 2018).
USGS RDGs are fully functional streamgages designed to be
deployed quickly and temporarily to measure and transmit
stream stage data in emergency situations (https://water.usgs.
gov/floods/resources/rdg/, accessed October 4, 2018).

In some cases, direct measurements of streamflow during
a flood are not possible or are impractical because of safety
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Figure 7.

Rating curve developed for use before (red) and after (blue) the September 2018 flood for

Little River at Manchester in northern Cumberland County, N.C. (USGS streamgage 02103000), showing

streamflow measurements made during the event.

Figure 8. U.S. Geological Survey
rapid deployment gage at Trent River
at U.S. Highway 70 at New Bern, N.C.,
September 20, 2018.




concerns or inaccessibility to the measurement site. In those
instances, indirect measurement methods can be used (Benson
and Dalrymple, 1967), whereby water-surface profiles deter-
mined by high-water marks, channel roughness, and geometry
are used in hydraulic equations based on the principles of
conservation of energy, conservation of momentum, and
continuity to compute the peak streamflow for that flood. The
high-water marks and channel geometry are determined by
field survey. Roughness typically is subjectively determined
on the basis of bed material, cross-section irregularities,

depth of streamflow, vegetation, and channel alignment. The
USGS assigns uncertainty/accuracy estimates to each indirect
measurement on the basis of the hydraulic and geometry
conditions found at each field site (Benson and Dalrymple,
1967; Dalrymple and Benson, 1967; Hulsing, 1967; Matthai,

Figure 9. U.S. Geological Survey field crews conducting surveys
of high-water marks to document the depth of flood waters near
Northeast Creek in Piney Green in Onslow County, N.C., for the
September 2018 flood.

Methods 9

1967; Bodhaine, 1968). In other cases, high-water marks are
documented for the purpose of recording the depth of the
flood waters (fig. 9; Koenig and others, 2016; Feaster and
Koenig, 2017).

Flood Exceedance Probabilities of
Peak Streamflows

Immediately after a flood, emergency managers and
water resources engineers commonly need to know the
expected frequency and magnitude of peak streamflows
observed during the event. Flood-frequency analyses for
streamgages with sufficient record can provide insight into
the occurrence or likelihood of peak streamflows of varying
magnitudes. The annual exceedance probability (AEP) for
a particular streamflow is the probability of that streamflow
being equaled or exceeded in any given year. For example, an
AEP of 0.01 means there is a 1 percent (AEP x100) chance of
that streamflow magnitude being equaled or exceeded in any
given year. Stated another way, the odds are 1 in 100 that the
indicated streamflow will be equaled or exceeded in any given
year. The traditional concept of recurrence interval is directly
related to the AEP. By definition, the recurrence interval (in
years) is equal to one divided by the AEP. For example, the
AEP 0f 0.01 (or 1 percent) corresponds to the 100-year flood.

The “100-year flood” is an estimate of the long-term
average and does not imply that a flood only occurs every
100 years (Holmes and Dinicola, 2010). For example, if
there were a streamgage that had 1,000 years of annual peak
streamflow data, it could be expected that 10 floods in that
1,000-year record would have a flood magnitude equal to or
greater than the “100-year flood;” however, those 10 floods
would not occur at equal 100-year intervals. In one part of the
1,000-year record, there might be 15 years or less between two
“100-year floods,” whereas in another part of the record, there
might be 150 or more years between “100-year floods.”

Table 2 lists the recurrence intervals for commonly
used flood exceedance probabilities and the associated
AEP, in percent. In a typical flood-frequency analysis for a

Table 2. Selected recurrence intervals and the
associated annual exceedance probabilities.

. Annual exceedance
Recurrence interval

robabili
(yoars] I)(percemt)y

2 50
20
10 10
25 4
50 2
100 1

200 0.5

500 0.2
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USGS streamgage, results are only reported up to an AEP of
0.2 percent (or 1 in 500 chance, also referred to as a 500-year
recurrence interval) because the record lengths of most USGS
peak-streamflow files are less than 100 years (Feaster and oth-
ers, 2009). Consequently, extrapolating beyond a 0.2-percent
AEP streamflow is not warranted due to the large uncertainty.
The flood-frequency estimates for this report were made
using the Expected Moments Algorithm (EMA) (Cohn and
others, 1997, 2001) in the USGS software package PeakFQ,
version 7.1 (Flynn and others, 2006; Veilleux and others,
2014) (fig. 10). The Advisory Committee on Water Informa-
tion, Subcommittee on Hydrology, Hydrologic Frequency
Analysis Work Group (https://acwi.gov/hydrology/Frequency/,
accessed October 12, 2018) provided standard methods for
computing peak-streamflow frequency in a recently (2018)
published document referred to as Bulletin 17C (England
and others, 2018). Bulletin 17C is an update to Bulletin 17B
(Interagency Advisory Committee on Water Data, 1982).
Flood computation equations and algorithms in Bulletin 17C
have been implemented into the PeakFQ program. The Sep-
tember 2018 peak streamflows were included in the PeakFQ
analyses per guidance provided in USGS Office of Surface
Water Technical Memorandum 2013.01 (U.S. Geological
Survey, 2012).

Peak Streamflows and Stages

Peak streamflow and stage during the September 2018
flood are listed for 84 streamgage locations in table 1 (at the
back of the report), and their site locations are shown in
figure 5. The streamgages included in table 1 were chosen
because (1) peak stage and (or) peak streamflow for the
September 2018 flood event were monitored at the site,

(2) the streamgage had at least 10 years of reviewed and
approved annual maximum peak streamflows available
through water year 2017, and (3) the Hurricane Florence

peak ranked in the top 5 for the period of record. Four of

the 84 streamgages were stage-only gages that had at least

10 years of record and for which the September 2018 peak
stage was the peak of record. Rank comparisons were made on
peak streamflow only. It is possible that the peak stage for this
event at some sites may be lower than a previous peak stage
due to backwater conditions, datum changes, or changes in the
upper end of the rating curve.

The ranks for the September 2018 streamflow peak at
selected streamgages for the period of record are presented
in table 1. Twenty-eight of the 80 streamgages measuring
streamflow had new peaks of record. Of the 43 streamgages
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Figure 10. Flood-frequency curve for the annual peak streamflows at U.S. Geological Survey streamgage

02109500, Waccamaw River at Freeland, N.C.



Estimated Magnitudes and Flood Exceedance Probabilities of Peak Streamflows 1"

with long-term records' of 30 or more years, 14 had new peaks
of record: 02108000, Northeast Cape Fear River near Chin-
quapin, N.C. (78 years) (fig. 10); 02109500, Waccamaw River
at Freeland, N.C. (77 years); 02135000, Little Pee Dee River
at Galivants Ferry, S.C. (77 years); 02105500, Cape Fear
River at William O Huske Lock near Tarheel, N.C. (71 years);
02106500, Black River near Tomahawk, N.C. (70 years);
02110500, Waccamaw River near Longs, S.C. (68 years);
02092500, Trent River near Trenton, N.C. (67 years);
02128000, Little River near Star, N.C. (64 years); 02130900,
Black Creek near McBee, S.C. (59 years); 02130910, Black
Creek near Hartsville, S.C. (58 years); 02102908, Flat Creek
near Inverness, N.C. (50 years); 02105769, Cape Fear at

Lock #1 near Kelly, N.C. (49 years); 02132320, Big Shoe
Heel Creek near Laurinburg, N.C. (31 years); and 02133624,
Lumber River near Maxton, N.C. (30 years).

In addition to the 28 streamgages that had new peaks
of record for streamflow, 49 streamgages recorded new peak
streamflows that ranked in the top 5 for the period of record.
For streamgages with at least 30 years of record, 20 recorded
peak streamflows ranking in the top 5 for the period of record.
For 11 of the 28 streamgages for which the September 2018
peak streamflow was the peak of record, the October 2016
peak following Hurricane Matthew was the second largest
peak of record, and for another five the September 1999 peak
following Hurricane Floyd was the second largest peak of
record (table 1; Weaver and others, 2016). For streamgage
02130980, Black Creek near Quinby, S.C., the second largest
peak of record was recorded in October 2015 following
Hurricane Joaquin (Feaster and others, 2015).

Peak streamflow data following Hurricane Florence were
not available for three streamgages prior to the publication of
this report. Of those three streamgages, two recorded a new
peak stage of record (streamgages 02086624, Knap of Reeds
Creek near Butner, N.C., and 02093000, New River near
Gum Branch, N.C.) and one recorded the second highest peak
stage of record (02101800, Tick Creek near Mount Vernon
Springs, N.C.).

Estimated Magnitudes and Flood
Exceedance Probabilities of Peak
Streamflows

Updated at-site flood-frequency streamflows for selected
AEPs (50, 20, 10,4, 2, 1, 0.5, and 0.2 percent) were computed
for USGS streamgages that had at least 10 years of approved
annual maximum peak streamflows through the 2017

'The USGS uses a 30-year criterion to identify those streamgages having
long-term periods of streamflow record (U.S. Geological Survey, 2014a).

water year® and for which the peak streamflow associated
with Hurricane Florence exceeded the peak of record of
the approved peak streamflows (table 3). For unregulated
streamgages, the expected peak streamflows for selected AEPs
and their 95-percent confidence intervals were computed
by weighting the updated flood-frequency analysis at each
streamgage, including the September 2018 peak streamflow
from Hurricane Florence, with the regional regression estimate
for the same location using equations from Feaster and others
(2009) and Weaver and others (2009). For urban streamgages,
the at-site flood-frequency streamflows were weighted with
the regression equation estimates from Feaster and others
(2014). The weighting was computed using the variance of
the two estimates as outlined in Bulletin 17C (England and
others, 2018). Such weighting can reduce the uncertainty in
the peak-streamflow statistics with the weights being based
on the variance of the EMA estimate and the variance of the
regional regression equations (England and others, 2018). The
weighted streamflow estimates were then used to determine
the AEP associated with the September 2018 peak streamflow.
No weighted values were computed for the at-site flood-
frequency streamflows estimated for regulated streamgages.

In addition to weighting the updated at-site streamflows
for selected AEPs with the appropriate regional regression
equations, weighted upper and lower 95-percent confidence
interval streamflows for the selected AEPs also were computed
using methods described in USGS Office of Surface Water
Informational and Technical Note 2014.43 (table 3; U.S. Geo-
logical Survey, 2014b). The regional regression equations,
regression equation estimates at USGS streamgages, and
variances are documented in Feaster and others (2009, 2014)
and Weaver and others (2009).

Table 4 lists the peak gage-height data, peak streamflow
data, and the corresponding AEP (in percent) determined
for the September 2018 flood for the 28 USGS streamgages
that measured record annual peak streamflow in North and
South Carolina and had at least 10 years of approved annual
maximum peak streamflows through the 2017 water year.
The data listed in tables 3 and 4 are currently (October 2018)
considered provisional until final verification of the peak-
streamflow data. The estimated AEP for the September 2018
flood for each streamgage was determined using log-linear
interpolation of the weighted streamflow estimates included in
table 3, following equation 1 in USGS Office of Surface Water
Technical Memorandum 2013.01 (U.S. Geological Survey,
2012) based on the weighted flood-frequency estimates
(table 3). The uncertainty in the estimated AEP can increase
when a specific AEP is assigned to an observed flood event
such as the September 2018 flood. Techniques recommended
by U.S. Geological Survey (2012) also were used to estimate
a 90-percent confidence interval that is likely to include the
true AEP.

*The water year is the annual period from October 1 through September 30
and is designated by the year in which the period ends.



Florence

Hurricane

N.C. and S.C. Followi

Peak Stage and Streamflow Data at USGS Streamgages

iminary

Prel

12

000%C€ 006°€9 000201 000°SS1 00L°9¥ 006°€L 00€°99 001°LT 0061+ auou Sl :00CS€1C0 SL
00%°6C 00L°0T 00L%T 001°CC 00€°91 000°61 00T°€1 000°01 00S°T1 16 LL 000S€120 YL
00€°€1 088°S 058°8 0116 00t 0€€9 009 01¥°C 0€€’e auou 81 0LI¥E1CO IL
0T¥'9 00¥°¢ 0L9Y 0LYY 009°C 01¥°¢ 01+°C 0€s°1 026°1 auou 0¢ Y2oeelTo 0L
0S1°C 001°1 (4901 01 608 080°1 8IL 93724 ¥9¢ auou §3 0CTETELTO L9
000902 006°8% 00€°€L 000°101 00L°S€E 00€°CS 00S vt 006°1C 005°0¢€ uou €C 0101€120 $9
00S%¢C 006°C 0zI's 0L0°6 0v6°1 0S€'e 0L6°C 0101 089°1 uou L1 :0860€120 €9
0¥8°C 01€'1 01L1 00L1 000°1 0TT'l 006 9LS CIL suou 8¢ 0160€120 [
0z1C 09€°1 00L°1 0€S°1 090°1 0LT1 VL8 LE9 oYL auou 6S 0060€120 19
0T€C £€6 0L¥'1 059°1 CL 060°1 998 601 S6S auou €l 0180€120 09
000°L91 00Z78 000°601 000°611 00L°L9 009°L8 00€°€L 006°Ct 00T°9S suou LT e[950€120 6S
00Z°11 0€S°L 0L1°6 0S€'8 096°S 0S0°L 000°S 0€L’E 0ze'y yL ¥9 0008C12C0 LS
00Z°9C 00%°C1 000°81 000°81 08€°6 000°€1 orl‘6 00T°S 0689 auou 144 ¥0LOT1CO 0S
00Z°81 00711 00771 00L°C1 0S8 00%°01 00L‘9 08LY 099°S auou 89 00501120 (14
00S°€1 0S€'8 009°01 0116 ov1‘9 08¥°L 089 (433 0S6°¢ auou LL 00560120 Ly
00S¥1 0LL'6 006°11 00%°01 0St'L 0788 0T6°S 08¥¥ 0S1°S ITI 8L 00080120 Sy
001°ST 0rC'6 008°11 00Z°01 0LL9 01€'8 0ST’S 0L9°¢ 06€Y 16 L9 00590120 4%
00%°0L 00L‘9€ 009°St 00€°8¥ 006°6C 00%°9¢ 00L‘6T 00S°0C 00LVT auou 8¢ 69L50120 3%
00%°69 00S°1¥ 002°0S 006°1S 00LV€E 00€°1¥ 00T 7€ 00€%C 008°8C auou 8¢ 00550120 (44
0TT6 000°S 06L‘9 0SL‘9 0v6°c 091°S 0T8°€c 09€°C 000°€ auou 8¢C 000€0120 6¢
6¢ct 61¢ £33 10¢ ¢81 9¢¢ 129! 101 ¢l auou 0S 806¢01¢C0 8¢
0078 0€8°S 000°L 020°L 081°S 0€0°9 0rE's 0TTy 0SLY auou 0¢ 059€5560C0 8¢
08Z°1 98 0S0°1 0S0°1 YL 788 09L (4% w9 auou 0¢ SLLY60CO 144
0zr'e 06T°C 008°C 08°C 066°1 0LET 0S0°C 018°1 09L°1 auou 0¢ 0LLY60C0 £€C
000°1 L29 6L 68L 6¢S 919 9% 00t ILY auou 14! LL8E60TO 61
069°L 06€Y 018°S 0v0°S 091°¢ 066°¢ 01+°C 0€9°1 086°1 auou L9 00526020 Sl
08€°€ 095°C 0¥6°C 0€6°C 0T€C 019°C 0TET 0L8°1 080°C 16 £€C 61898020 0l
020°€ 06€°1 0S0°C 0L0°C 0£0°1 09%°1 010°1 s 9zL uou T 060758070 9
Jaddp 1amoT Jaddn 1amo7 Jaddp 1amon (5 “Buy)
Jensaul ajewnsy Jenajul ajewnsy [eniaul ajeumnsy (s1eak) syead Jaquinu
aouapiuo9 Juaaiad-Gp aauapiyuo9 Juaaiad-gp aauapiuo9 Juaaiad-Gp pi0oal g lenuuejo daquint uonealy
d3V 2oueya yuaasad-g) d3y @oueya yuaosad-gz d3V 29aueya yuaasad-gg Wu__.._ﬂ_“._ laquiny uoneIs sasn -nuapul
(S/c}) s|eatajul 32uapyuod Juadsad-ge Yym 43y palos|as 10§ smojjueals yead pajewnsy |EOHOISIH as

[An11qeqoid 9ouepedoxs [enuue gV KoAIng [eo150[000) "§ M) ‘SOHS ‘pu0sss 1od 109) A1qnd ‘s/1Y]

"BUII0JRY YINOG pU BUI0IRY YLION Ul safeBuwieains AsAing [e0160j08g "S*M) PAI0a|as 18 S|BAISIUI BIUBPIUOD JUSIad-GE UM Sanjigeqold
90UBPAAIXd [BNUUE PB3|DS 10} SMOjjWweas yead paiewnsa (Ajuo saus paiejnbaiun) payyblam pue “4aquinu UoRL]S 48quWNuU UOIRILIUSPI 81IS '€ 3|qel



13

Estimated Magnitudes and Flood Exceedance Probabilities of Peak Streamflows

000°019°C  000°9ZI1 000y | 000°09%'1  000°901 000161 000°L18 009°L8 00061 suou Sl «00TSE1C0 SL
00219 008°c€ 00S°SP 00€°0S 001°0€ 006°8€ 00S°0% 001°9C 00S°C€ 16 LL 000S€120 vL
006°C€ 00s°01 009°81 006°ST 016 00%°S1 00661 0€L'L 00¥°C1 suou 81 0LTI¥E1C0 IL
008°S1 096°S 069°6 00S°C1 0€TS 0L0°8 08S°6 oSty 0€S°9 suou 0¢ YT9EE1T0 0L
0509 081°C 0€9°¢ 079y 0S8°l 0T6C 01t'c 0151 0LTT ouou 53 0TETETTO L9
000°090°C 00296 000261 000°0€0°T  000°I8 000°9%1 000°9ZS 00899 000°011 suou €T «0101€120 $9
000°12Y 0189 000°L1 000°SLI 00S°S 001°C1 008‘vL 0zEy 08%°8 suou L1 :0860€120 €9
00¥°CC 00L°C 0LV 00S°C1 0€TT 00%°€ 09%°9 018°1 09T suou 8S 20160€120 9
0L6 08€°C orv'e 0v6°€ 0L0°C 098°C 0L0°€ 0LL1 0€€T ouou 6S 0060€120 19
090°S 00S°1 0SLT vy 0vel 09€°C 00€°€ 081°1 0L6°1 ouou €1 0¥80€120 09
000°L¥Y 0007T1 000°8LI1 0007r€ 000°STI 000°8S1 00065 000701 000°LET suou LT +1950€120 6S
006°€T 001 00T'LI 00S°61 00601 009°%1 009°S1 0€S°6 00T°C1 YL 79 0008T120 LS
000°S9 000°CT 008°LE 001°1S 00Z°61 00€°1€ 001°6€ 00291 002°sT ouou 144 ¥0LOT120 0S
00L‘SY 000°1T 000°1€ 00L°S€ 001°81 00¥°ST 00T°LT 00T'S1 00€°0T ouou 89 00S0T1120 (14
008°9¢ 00€91 00SvT 001°8C 008°€l 00L°61 006°0T 00S°T1 00S°S1 suou LL 00560120 Ly
002Tv€ 00€°L1 00T 000°LT 00671 001°0T 006°0T 00L°CI 00€°91 111 8L 00080120 St
00L°0% 000°81 001°LT 00T°1€ 00%°S1 006°1T 00T°€T 009°CI 001°L1 16 L9 00S90120 144
000TLT 000°6S 00L°€8 000°681 00T°CS 008°0L 000°T€1 00S°SP 002°6S suou 8¢ 69L50120 (34
000°€61 00019 000°18 000°9%1 009°SS 00€°1L 000°S01 008°6% 00079 suou 8¢ :00$S0120 (44
009°61 098°L 00%°Cl 00191 001°L 00L°01 006°C1 0579 066°8 ouou 8C 000€0120 6¢
011°1 8t Y0L €L8 (433 S8S 899 (433 ILY ouou 0S 80620120 8¢
00%°S1 06S°L 008°01 006°CI 001°L 05S°6 00L°01 095°9 08€°8 suou 0t 059€556020 8T
0ST'C 061°1 0¥9°1 0€6°1 0111 09%°1 0€9°1 010°1 08Tl ouou 0t SLLY60T0 144
096°S 080°¢ 08Ty 011 0L8T 0€8°¢ 0€Ey 0%9°C 08€°€ ouou 0t 0LL¥60T0 €C
091°C L86 09%°1 0vL1 188 (Al 0LET 9L 0Z0°1 ouou 14! LL8E60TO 61
009°1¢C 095°8 009°¢1 00591 0€€°L 000°T1 002°C! 0%0°9 08S°8 suou L9 00ST6020 S1
0€8‘y 002‘€ 0€6°€ 08¢y 0v0°€ 059°¢ 0¥6°€ 058°C 0S€'e 16 €C 6¥898020 01
0v0°L 06£°C 001y 00LS 0€1°C 08%°€ 0Tr'y 018°1 0€8°C ouou 14 060¥CS8020 9
Jaddn 1amo Jaddp 1amon Jaddp 1amoT (5 "Buy)
|en1dyul ajewnsy |ensayul ajewnsy |eA1aul ajewnsy (s1eai) syead Jaqunu
a2uapyuod Juaaiad G 32uapyuo9 Juasiad g aauapyuod Juaaiad G pi00al g lenuuejo daqunu uonesyy
d3v aaueyd Juaasad-| d3v 33ueyd Juaaiad-g d3v aaueya Juaasad-y “.u__.hn“__“..” laquinp tohels sasn -nuapul
(S/c}) s|eatajul 32uapyuod Juadsad-g6 Yam 43y pajos|as 10§ smojjueans yead pajewnsy |EOHOISIH a)s

[An11qeqoid 9ouepedoxs [enuue gV KoAIng [eo150[00n) 'S ‘SOHS ‘pu0sss 1od 109) 91qnd ‘s/1Y]

panuiluO)—eUI|0IR] YINOS pu BUIj0IR] YUON Ul safeBwealis Aaaing [2a160j0ag 'S M) PaI0a|as 18 S|BAISIUI 9IUBPIUOI JUBI8d-GE YHUM
sal|iqeqo.id 80URPIBIXa |eNUUR PB1Id[as 10j SMOjjWeaIls Yead palewnsa (Ajuo saus paiejnBaiun) paiybiam pue Jaguinu Uonels 1aquinu uoneIyuap 81S ¢ a|qel



‘sisATeue Aouanbaij-pooy 931s-1e ayy Juasaidar yng pAYSIom J0U 219M S[BAIIUT OUIPYUOD pue SMO yead pajewu)so Y 2I10JIY) ‘pue paje[nsal s1 Uone)s,

Florence

Hurricane

N.C. and S.C. Followi

Peak Stage and Streamflow Data at USGS Streamgages

000°00%°0T  000¥LI 0000t 000°01LY 000°9%1 000°€0€ auou Sl 200CSE120 SL
001°C6 001°Ch 00£°C9 009°cL 00S°LE 005°CS 16 LL 000S€120 YL
00TTS 00€°€T 00%°9¢ 0050t 00L°TT 008°1¢ auou 81 0LIYE1C0 1L
00t°ST 019°L 006°€T 00L°61 0TL9 00S°TT auou 0¢ ¥29¢€120 0L
00%°01 0S6°C ors‘s 0€L‘L 015°C 01ty auou Ie 0TeTEITO L9
000°000°TT  000°9¢€T 000°TS€ 000°01C¥ 000°€TT 000°0ST auou £€C 0101€120 S9
000°01S°¢ 00%°01 006°S€ 000°0%0°T 098 009°cT auou L1 20860€120 €9
00T‘68 020y 0ST‘8 0050t 0€Te 0T8°S auou 8¢ 0160€120 29
086°L 0L0°¢ 056y 0LT9 069°C 0,0 auou 6S 0060€£120 19
079°L 078°1 0TLe or1‘9 099°T 061°¢ auou el 0v80€120 09
000°508 000°8€T 000°LTT 000°LLS 000°T€T 000661 auou LT 21960€120 6§
009°9¢ 00t°ST 00L°€T 000°6¢ 00L°€T 00661 YL 9 0008120 LS
000701 008°LT 00L°€S 000°08 00S%C 00€vt auou 144 ¥0LOT1CO 0¢
00T‘SL 00L°LT 009°St 00T°LS 006°€T 006°9¢ auou 89 00501120 (94
00979 006°1¢ 000°LE 0099t 00L°8T 00562 auou LL 00560120 LY
005°SS 009°CT 00t‘s¢e 00S°TY 00S‘61 008°8T 11 8L 00080120 St
00%°69 001%C 006°0% 008°TS 00902 00L°T€ 16 L9 00590120 144
000°€€9 00t°SL 000°02T 000°16€ 006°S9 00286 auou 8¢ 269LS0120 [ 34
000°9t€ 00S°TL 000°S0T 000°8%C 001°99 001°T6 auou 8¢ 200550120 (44
00T6C 0€t°6 00991 00S°€T 085°8 001 auou 8¢C 000€0120 6¢
06L°T 0LS 010°T 08¢‘1 08 53 auou 0s 80620120 8¢
00T°TT 085°8 008°¢T 000°8T 066°L 000°CT auou 0¢C 059€556020 8¢C
or1‘e 08¢€°1 080°C 079°C 08C°1 0€8°T auou 0¢C SLLY60T0 144
00T‘8 08%°¢ ore’s 0,89 09T°¢ 0ELY auou 0¢C 0LLY60C0 €C
0St'c 0LTT 060°C 0L9°C OTT‘T 0TLT auou 4! LL8E60TO 61
008°9¢ 00€°TT 00+°02 00S°LT 0LL'6 00%°91 auou L9 00526020 Sl
0009 ovs‘e 019 01¢€’s 09¢€°¢ 07Ty 16 €C 6¥8980¢C0 01
00801 0v6°C 0r9°s 0€5°8 079°C 0ELY auou 144 060%2S8020 9
Jaddp 1amo7 Jaddp 1amo
[ensayul ajewnsy [eniajul olewnsy  (sieal) (5 "By)
a9uapyuod Juasiad Gg aauapyuod yuaaiad Gp pi109a1 syead soquinu laquinu
d3V 32ueya juaaiad-zo d3V @2aueyd juaasad-g jo pouad _M_._.“__“__” 10 uonels S9SN ___...___ﬂ«_w_“.”
(/) s|ea1ajul 3auapyuod |edu0)siH L : aus :

Juaaiad-66 Yum 43y pajaajas 10} smojjweans yead pajewnsy

iminary

Prel

14

[A1qeqoid 9ouepasoxa [enuue JHV ‘A9AING [B2130[090) S ‘SOHS Ppuodas 1ad 3995 o1qnd “s/ )]

panuiuo)—euljoJeq yinos pue euijoie)
yuop ur sabefwealis Asning |ea1Bojoar " M pa10a|as 1k S|eAIaIUl 9IUBPIU0D JUBIad-GE YuMm saliljiqeqold aouepasoxa [enuue
pa1oa|as o} smojjwealls yead pajewnsa (Ajuo saus paie|nbaiun) pajybiam pue Jaquinu UOIIE]S 48QWNU UOIIRIIHIIUBPI 8BNS € B|qel



15

Estimated Magnitudes and Flood Exceedance Probabilities of Peak Streamflows

(6007) SI9YI0 pUR 19)SBI{ WO SojeW)sd uonenba uorssaidar [euoidar yyim pajysom pue ) J3edd Suisn panduwiod a19Mm Jey) Saewnsd JHV Suisn pauruaio(,

(#107) SIoY)0 pue 19)sed,] wolj sajewr)sd uonenbs uorssaida jeuordar yym paysom pue Q) J3edd Suisn poynduwiod 21om jey) sajewnse JdVy SuIsn pauruLdd,

(6007) SIOUI0 PUB JOABIAN WO SAJRWIISI uorenba uorssardar [euordar yim pajysom pue O e Suisn poynduwos o1om ey} sajewso Jqy Suisn paurunalo(,

10" €107 WNPUBIOWAA [BOTUYOI], I0JeA\ 90BJING JO 90UYJO A9AING [EO1S0[00N) S’ UI SPOYIAW SUISN PIUTULIAIO(,

1'81 €0 v's S1 I 000°9€1 00'ST 8107/9¢/6 OS ‘Modsyong 1eaN [0, AMH & ALY 99(] 994 00TSE1T0 SL
8¢ 0> T0>p LL I 00699 1TLY 810T/1¢/6 DS ‘Ao, S)uBAL[ED) 12 ALY 93] 99 AN 000S€120 YL
€61 €0 6'0q 81 I 009°S1 1cee 810T/L1/6 DN ‘uonoquIn 18 I9ALRY Joquing 0LTYE1T0 1L
$6 0 T0>q 0¢ I 00T°CT 19°0C 810T/61/6 ON ‘UOIXBIA] 183U IDALY Joquin] YT9EE1T0 0L
6 0 T0>q e I 0609 6v'6 810T/L1/6 ON ‘SiquiLme Ieau 2210 [93H 20ys Sig 0TETETTO L9
44! 0 €T €C I 000°6€1 96'9¢ 810T/1¢/6 DS 99 394 M0[0q 19ATY 33 33 0T0TET1C0 S9
791 €0 $9 L1 I 0889 LELT 810T/L1/6 OS “Aqung) reau yea1) Yor[g 0860€120 €9
0°S 0> L0 8¢ I 0LT'S LY'€l 810T/L1/6 DS “9[[IASMEH Tedu 3031 Yor[g 0160€120 [4Y
0°S 0> T0p 6S I 06y 6¢¢cl 810T/L1/6 DS ‘OGO 1BaU Y1) yor[g 0060€120 19
90T ¥'0 T0p €1 I 069°€ 6611 810T/L1/6 DS ‘PIRYINISIYD MO[9q H331D) or[g 0¥80€120 09
SoI1 0 L0 LT I 000°92¢ STY6 810¢/81/6 DS “Q[[IASNIUUSE TBIU ALY 99 99d 1950€120 6S
9v 0> T0>q ¥9 I 000€€ 08'8¢C 810T/L1/6 DN Te1S T8au 1oAY NI 00082120 LS
LTl 0 €0p 144 I 00061 91'1C 8107/9¢/6 OS ‘Aemuo) 1e BULIZ]A| ABAUOD) 12 IOATY MEUIEIILAY ¥0LOT1CO 0S
(34 0> 0> 89 I 00S°LS coe 8102/0T/6 DS ‘SSUOT JeaUl JOATY MEUIEIILAY 00501120 (4
8¢ 0> T0>q LL I 009¢S 19°CC 810T/61/6 ON ‘PUB[1] & JOALY MBUIBOIBA\ 00560120 LY
8¢ 0> T0>q 8L I 00€T¥ LL'ST 810T/L1/6 ON ‘urdenbury) reou 10Ary 160, ade)) 1seaylioN 00080120 St
4% 0> T0>q L9 I 00LYS ye1e 810¢/81/6 DN “{MBUBWO], 1edU I9ARY Yor[g 00590120 144
9L 0> Sl 8¢ I 00L°9L 89°0¢ 810T/1¢/6 ON “A[[93] 1eau [# Y907 J& 10ALY 1ed,] ade) 69LS0120 (34
9L 0> L0 8¢ I 00¥°L8 99'8¢ 810T/61/6 DN ‘[99UIE], 18U OO YSNH "O WA I8 ALY 1ea,] ode) 00SS0120 (44
1°01 0 T0q 8¢ I 00291 0€'8¢ 810¢/81/6 DN “121S3YOUBIA] 18 10ATY NI 000£0120 6¢
8¢ 0> S 0q 0S I 978 9¢'6 810T/L1/6 ON SSOUISAU] 183U Y31 18] 80620120 8¢
6'¢l €0 0 0t I 056 SY'1C 810T/L1/6 DN “Q[[IASUBITOIN 13U 6 8TYS 18 NA2ID ofeyng  (0S9£SS60T0 8¢
6'¢l €0 $9% 0t I 081°1 8LTI 810T/L1/6 ON ‘010qSU221ID) J& )ZT SN MO[Oq 31D UBKY SLLY60T0 144
6'¢l €0 1A% 0t I 0be'e LL9T 810T/L1/6 DN ‘010qsuda1n) 18 (7T SN 18 Y991 o[ejyng ynos 0LL¥60T0 €C
€6l ¥'0 89 4! I L06 0111 810T/L1/6 DN °010qSUS31D) 18 PBOY PISYIIMIA 18 YO3I1D) ysnig LL8E60T0 61
4% 0> T0>q L9 I 00LL9 €T 8107/91/6 ON ‘UOIUSL], TBoU JOALY JUSL], 00576020 S1
44! 0 I'Lq €C I (14N 96'C1 810T/L1/6 ON ‘UBWLIOD JBIU 3331 9q13[[] 67898020 01
LT1 0 €T 1 ! 0LEE x4t 810T/L1/6 ON ‘ewieyeg Jeau £[9[YS Y8 391D UIBUNON  060¥ZS80Z0 9
pio2ai
laddn  1amoq ul Moj} ?3\%: in} Mojjweais (g °61y)
ajewinsy syead -weans -Emo_h.,.m wbiay yead soquinu Jaqunu
lensajul aguap |enuue jo  ead jo abefireaq  joajeq aweu uonels S9SN uonesyy
-1Ju09 Juaasad-pg laquinp yuey Aeed uonels sasn -luapul
POOJ} 8L0Z 18quia)da as
P _.u_“.:umno ._h__ 43V S poojj 810z 1aqwajdag 10} mojjueas)s yead

1B JUBAS POO}}-pale|al 8oUdI0[{ BUBILINH §10g Joqwaldas ay) 1o} s8

[uey ssof > <An1qeqold 9ouBpasIXd [eNUUR JHV puodas 19d 109] 91qnd ‘s/J 99 Y AoAInG [8o130[09D) "S'N ‘SOSN]

‘euljoJe] yinog pue yuop ul sabebweals Aaaing |ealbojoan 'S pal1os|as

geqold 8ouepaadxa [enuue pajewnsa pue ‘smojwealls yead ‘syybiay abeb yeaq

‘v al1qeL



16 Preliminary Peak Stage and Streamflow Data at USGS Streamgages in N.C. and S.C. Following Hurricane Florence

Of the 28 streamgages analyzed, the estimated AEP
for the Hurricane Florence peak streamflow at nine of the
streamgages was less than 0.2 percent, which in terms of
recurrence intervals is greater than a 500-year flood event, at
three streamgages it was equal to a 0.2-percent flood event
(500-year recurrence interval), and at six streamgages it was
between a 0.2- and 1-percent AEP flood (between a 500- and
100-year recurrence interval, respectively). For the remaining
10 streamgages, the estimated AEP was between 1.5 and
7.1 percent, which in terms of recurrence intervals is approxi-
mately a 67- to 14-year flood event, respectively.

Comparison to Past Floods

In the Pee Dee River Basin, a new peak of record
occurred on September 21, 2018, for streamgage 02135000,
Little Pee Dee River at Galivants Ferry, which, for the South
Carolina sites having a new period of record because of Hur-
ricane Florence, has the longest period of record going back to
1942 (fig. 11). Also, based on a historic floodmark of 16.0 ft
recorded by a local resident, the Hurricane Florence flood is
likely the largest flood since 1928, with a stage of 17.21 ft
and corresponding streamflow of 66,900 cubic feet per second
(ft’/s). The second largest peak of record occurred less than
2 years ago on October 12, 2016, as a result of Hurricane
Matthew, with a peak streamflow of 59,300 ft*/s and a peak
stage of 17.1 ft.

In the Waccamaw River Basin, annual peak stage and
streamflow data have been collected at streamgage 02109500,
Waccamaw River at Freeland, N.C., since 1940 (fig. 12).

For Hurricane Florence, the peak occurred on September 19,
2018, at a magnitude of 53,600 ft*/s and a stage of 22.61 ft,
becoming the new peak of record for the 77 years of available
record. The second largest peak occurred on September 21,
1999, at a magnitude of 31,200 ft*/s and a stage of 19.3 ft, and
was associated with rainfall from Hurricane Floyd. The third
largest peak occurred on October 12, 2016, at a magnitude of
21,700 ft¥/s and a stage of 17.07 ft, and was associated with
rainfall from Hurricane Matthew.

Although it is rare to have two historic floods recorded at
a location in such a short timeframe as occurred at streamgage
02135000 and several other sites listed in table 1, it is not
unprecedented. At streamgage 02169500, Congaree River
at Columbia, S.C., the peak of record since at least 1892
occurred on August 27, 1908. The second and third largest
floods, however, occurred in consecutive years on August 18,
1928, and October 3, 1929, respectively (fig. 13). Both flood
events were related to tropical storm systems (Frankenfield,
1928; Spencer, 1929).

Streamgage 02169500 has one of the longest records
of annual peak streamflows of the USGS streamgages in
South Carolina, with systematic records of annual peak
streamflow from 1892 to the present and additional stage
information for a flood in 1852 (fig. 13). The Congaree River
is formed by the convergence of the Saluda and Broad Rivers
at Columbia, S.C. The Saluda River is regulated by the Saluda
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Dam, which was completed in 1929 (Conrads and others,
2008). Low-head dams on the Broad River have regulated low
streamflows since the late 1880s and early 1900s, but flood
streamflows are essentially unregulated. The Broad River
Basin accounts for approximately two-thirds of the drainage
area for the Congaree River at the Columbia streamgage.
Conrads and others (2008) did a historical analysis
to assess the effects the Saluda Dam has had on the flood
frequency of Congaree River streamflows and concluded the
1-percent chance flood (also referred to as the 100-year flood)
is likely reduced by about 18 percent due to regulation on the
Saluda River. Under extreme flood conditions, emergency
spillway gates at the Saluda Dam are used to prevent
overtopping of the dam. During the historic flood of 1929, the
spillway gates were opened on October 1, 1929, and held open
through the afternoon of October 6 (South Carolina Electric
and Gas, written commun., May 18, 2017). The spillway
gates also were opened during the October 2015 flood event
related to Hurricane Joaquin (SCE&G, 2018). Consequently,
for major floods, operations at the Saluda Dam are likely
to be such that the inflow to the reservoir is passed through
the system and, thus, the resulting peak streamflows on the
Congaree River will tend to reflect preregulation conditions.

Preliminary Peak Stage and Streamflow Data at USGS Streamgages in N.C. and S.C. Following Hurricane Florence

Another example of two major flood events occurring
within a short period of time happened on the Savannah
River prior to regulation. Streamgage 02197000, Savannah
River at Augusta, Georgia (fig. 14), has one of the longest
continuous records of peak streamflows going back to 1876,
as well as five additional peak streamflows going back to
1796. Thus, the peak of record in the preregulation period
prior to construction of the J. Strom Thurmond Dam in the
early 1950s likely represents the largest flood on the Savannah
River since at least 1796. As shown in figure 14, regulation
had a substantial effect on reducing the peak streamflows at
this site. As indicated, the largest peak of record occurred on
October 2, 1929, and the second largest peak occurred just
5 days earlier on September 27, 1929. The floods were the
result of two distinct rain events from a tropical storm that
began in the Atlantic Ocean, moved westward across the
southern part of Florida, and then turned northeast making
its way across Georgia, South Carolina, North Carolina, and
eventually New England (South Carolina State Climatology
Office, undated[a]). Over a 34-hour period ending at 8 a.m.
on September 27, 1929, Augusta, Ga., received 7.78 inches of
rain (Spencer, 1929). Within a few days, the already saturated
soils of the Savannah River Basin received another 9.98 inches
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Figure 14. Annual peak streamflows at U.S. Geological Survey streamgage 02197000, Savannah River
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of rain for the 30-hour period ending at 6 p.m. on October 2,
1929. The daily mean streamflows at streamgage 02197000
illustrate how the Savannah River peaked on September 28,
1929, receded quickly over the next 2 days, and then peaked
again on October 3, 1929, as a result of the second rainfall
event (fig. 15).

In North Carolina, streamgage 03451500, French
Broad River at Asheville, N.C., has one of the longest peak-
streamflow records for an unregulated streamgage, with peak
streamflows going back to 1896 (fig. 16). The peak of record
for streamgage 03451500 occurred on July 16, 1916, ata
peak stage of 23.1 ft and a peak streamflow of 110,000 ft/s,
which is about two and one-half times larger than the second
largest peak of record of 43,100 ft*/s at a stage of 14.55 ft that
occurred on September 8, 2004. Historic information indicates
the 1916 peak was likely the largest peak since at least
1791. The 1916 peak was the result of two tropical storms
that brought substantial rain to the region. The first storm
came inland along the Mississippi coast during the night of
July 5-6, 1916, and initially drifted northwest before turning
northeast and drifting across the Appalachian Mountains
into the Carolinas (Henry, 1916). For the period July 5-13,

1916, 18.81 inches of rain were recorded in Highlands, N.C.
The second tropical storm made landfall at Bulls Bay, S.C.,
on July 14, 1916 (South Carolina State Climatology Office,
undated[b]). The storm moved across South Carolina in
a northwestern path. During July 14-18, 1916, the storm
brought additional heavy rain on the already saturated French
Broad River Basin with more than 17 inches of rain recorded
during that period at Blantyre, N.C. An observer in Altapass,
N.C., recorded 22.22 inches for the 24-hour period from
2 p.m., July 15-16, 1916 (National Weather Service, 2018a),
a new record total for a 24-hour period in North Carolina
that remains in effect (State Climate Office of Nor Carolina,
2018b). The resulting floods brought devastation to the region,
causing an estimated 80 fatalities, many of which were in
western North Carolina.

For a historical perspective on the floods caused by
the heavy rainfall during September 2018 from Hurricane
Florence, a chronology of major floods in North Carolina since
1876 and South Carolina since 1893 is presented in table 5
(U.S. Geological Survey, 1985; South Carolina State Climatol-
ogy Office, undated[b]).
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Table 5. Chronology of major floods in North Carolina since 1876 and in South Carolina since 1893.

[Much of the information is from U.S. Geological Survey, 1985, and other sources as noted in Remarks]

Date Area affected Remarks
North Carolina
June 1876 French Broad River Named the “June Freshet,” it was exceeded only by the 1916 flood at Asheville.
August 1908 Haw, Cape Fear, and Neuse ~ Flood of record on Haw and upper Neuse Rivers; stage 34 feet over flood stage on

July 14-16, 1916

August 15-16, 1928

September 17-18, 1928

September 15-17, 1933

August 14-17 and 30,
1940

Rivers

Western one-third of State

Broad and French Broad
Rivers

Southern Coastal Plain

Middle and northern coast

Blue Ridge and western
Piedmont, Roanoke River

Cape Fear River at Fayetteville.

At the time, the most extensive and destructive flood in State’s history. Excessive

rainfall from a tropical cyclone resulted in one of the most extensive and destruc-
tive floods in the State’s history. In Altapass, North Carolina, a weather station
measured 22.22 inches of rain from 2 p.m. on July 15 to 2 p.m. on July 16. Lives
lost across the Southeastern U.S. was estimated about 80, many of which were

in western North Carolina. Estimated damage across Southeastern U.S. about
$22 million (Southern Railway Company, 1917, reprinted 1995). Based on lives
lost, considered the deadliest hurricane on record for North Carolina (State Cli-
mate Office of North Carolina, 2015).

More than 10 inches of rain in 2 days.

Flood of record on Lumber River; Cape Fear River 30 feet above flood stage at

Fayetteville.

Storm tides rose 2 feet above previous high-water marks in New Bern. Lives lost,

21; damage, $3 million.

Floods of record in rivers of northern Blue Ridge Province. Lives lost, 30-40;

damage, $30 million.
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Chronology of major floods in North Carolina since 1876 and in South Carolina since 1893.—Continued

[Much of the information is from U.S. Geological Survey, 1985, and other sources as noted in Remarks]

Date

Area affected

Remarks

North Carolina—Continued

September 17, 1945
October 15, 1954
August 12 and 17, 1955
September 19, 1955
September 28 and
October 4, 1964

November 6-7, 1977
August 26-28, 1995

September 5-6, 1996

September 14-17, 1999

September §, 2004

September 17, 2004

Coastal Plain and central
Piedmont

Eastern Coastal Plain

Middle coast

Middle and northern coast

Southwestern Blue Ridge

Northwestern Blue Ridge

Western and central North
Carolina

Central and eastern North
Carolina

Eastern North Carolina

Western North Carolina

Western North Carolina

Floods on upper Neuse, Haw, Cape Fear, Lumber, Rocky, and lower Pee Dee
Rivers. Cape Fear River at Fayetteville was 34 feet above flood stage.

Hurricane Hazel was the costliest storm in the State’s history. Lives lost, 19;
damage, $125 million.

Hurricanes Connie and Diane. Estuaries of Neuse and Pamlico Rivers hardest hit.
Damage, $58 million.

Hurricane lone caused flooding from New River to Chowan River. Lives lost, 7.
Damage, $88 million.

Two floods on the upper French Broad, Little Tennessee, and Hiwassee Rivers
caused damage of $2.7 million.

Storm produced 8 to 14 inches of rain. Lives lost, 13; damage, $50 million.

Remnants from Tropical Storm Jerry produced up to 10 inches of rainfall in south-
western North Carolina as well as parts of Charlotte and Mecklenburg County
where flood stage records were set. Across the State, damage was $11 million,
and there were 3 fatalities (Wikipedia, 2016a).

Widespread rainfall totals of 5 to 10+ inches across central and eastern North
Carolina resulted in significant flooding. Coupled with hurricane strength winds
reaching far inland, substantial damage was caused by toppled trees falling onto
structures and power lines. Hurricane Fran was responsible for 24 deaths across
the State with damage estimates at $2.4 billion, making it the fifth deadliest
and second costliest hurricane in State history (State Climate Office of North
Carolina, 2015).

Hurricane Floyd devastated eastern North Carolina with 15 to 20 inches of rain
falling across the Coastal Plain, resulting in widespread and catastrophic flood-
ing across the region, including the towns of Rocky Mount, Tarboro, Greenville,
and Washington. The flooding was exacerbated by rivers swollen a few weeks
earlier when Hurricane Dennis struck North Carolina. At $8.58 billion in dam-
ages, Hurricane Floyd is the costliest hurricane on record for North Carolina.

A total of 52 lives were lost in North Carolina, making it the fifth deadliest hur-
ricane in State history (State Climate Office of North Carolina, 2015).

The remnants of Hurricane Frances moved into the southwestern mountains of
North Carolina, resulting in 8 to 15+ inches of rainfall across the Blue Ridge
physiographic province, including a maximum reported rainfall of 18.07 inches
at Linville Falls, North Carolina (National Oceanic and Atmospheric Administra-
tion, date unknown). The heavy rainfall resulted in widespread major flooding
across the region, including parts of Asheville and Biltmore Village in Bun-
combe County. Crop damage in North Carolina was reported at $55 million, and
widespread power outages were reported as well as a major break in the city of
Asheville’s water distribution system, leaving the city without water for several
days (Wikipedia, 2016b).

Rainfall of 4 to 8 inches fell across much of western North Carolina as a result of
the remnants of Hurricane Ivan. This rain fell on an area that was already satu-
rated from the remnants of Hurricane Frances that had occurred almost 10 days
earlier, resulting in repeated flooding of many streams and rivers in the area,
including parts of Asheville. Numerous landslides also occurred, including one
in the Peeks Creek Basin near Franklin in Macon County that destroyed more
than a dozen homes and resulted in five fatalities (State Climate Office of North
Carolina, 2015). Combined, Hurricanes Frances (see above) and Ivan resulted in
11 fatalities and about $252 million in damage in North Carolina (State Climate
Office of North Carolina, 2015).
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Table b.

Chronology of major floods in North Carolina since 1876 and in South Carolina since 1893.—Continued

[Much of the information is from U.S. Geological Survey, 1985, and other sources as noted in Remarks]

Date

Area affected

Remarks

North Carolina—Continued

October 7-9, 2016

Central and eastern North
Carolina

The passage of Hurricane Matthew across the central and eastern regions of North
Carolina and South Carolina during October 7-9, 2016, resulted in rainfall totals
of 3 to 8 inches and 8§ to more than 15 inches, respectively, across the regions
(Weaver and others, 2016). Major flooding occurred in parts of the eastern
Piedmont in North Carolina and coastal regions of both States. U.S. Geological
Survey streamgages recorded peaks of record at 26 locations, including 11 sites
with long-term periods of 30 or more years of record. A total of 44 additional
locations had peak streamflows that ranked in the top 5 for the period of record.
A total of 28 lives were lost in North Carolina, and five lives were lost in South
Carolina. Damages in North Carolina from the storm were estimated at $1.5
billion (not including state infrastruture and agriculture). In South Carolina, Hur-
ricane Matthew caused nearly $341 million in damage to public property.

South Carolina

August 27, 1893

June 1903

August 26-30, 1908
July 18, 1916

August 15-17, 1928
September 21-24, 1928
October 2, 1929

August 11-19, 1940

September 17-23, 1945
October 15, 1954

September 29-30, 1959

November 1, 1969
June 9-15, 1973

September 14, 1973

August 19, 1981

September 21, 1989

Southern coast of South
Carolina

Santee River Basin
(Pacolet River)

Statewide
Eastern two-thirds of State
Statewide

Lower Pee Dee River
Basin and southern
South Carolina

Savannah and Santee River
Basins

Statewide

Statewide

Lower Pee Dee River Basin

Eastern, southern, and central
South Carolina

Coastal, northwest corner

Black and Pocotaligo Rivers

Northwestern South Caro-
lina, Savannah and Santee
River Basins

Lower Pee Dee River Basin

Eastern two-thirds of State

North-northeast through South Carolina Midlands. Winds 96-120 miles per hour;
tremendous storm surge; major damage; moved north near Columbia, then north-
east. Deaths, 2,000; damage, $10 million.

Major devastation occurred along the Pacolet River with six textile mills destroyed
in Pacolet and Clifton, as well as 70 homes, bridges, churches, businesses, and
thousands of bales of cotton. Deaths, at least 65 (some reports indicate up to 80);
damage, $3.5 million.

Most extensive flood in State; rainfall, 12 inches in 24 hours at Anderson.
Record rainfall, 13 inches in 24 hours at Effingham; damage, $10-11 million.
Bridges destroyed, roads and railways impassable.

Flooding was severe. Rainfall 10-12 inches. Deaths, 5; damage, $4-6 million.

Entered Aiken as extratropical storm; intense rains on saturated soil caused severe
flooding.

Hurricane related flooding. Deaths, about 34; property and crop damage,
$10 million.

Hurricane related, severe flooding; Deaths, 1; damage, $6-7 million.

Hurricane Hazel. One of most severe storms in State to date; Storm surge,
16.9 feet; western half of State having drought. Deaths 1; damage, $27 million.

Hurricane Gracie. Winds 140 miles per hour at landfall. Six foot storm surge.
Rainfall, 6-8 inches. Deaths, 7; Excessive property damage along the coast along
with heavy crop damage, $20 million.

Rainfall, 13.6 inches on Edisto Island. Deaths, 1; flood damage to homes.

A sub-tropical disturbance remained over Southeast South Carolina for almost a
week from June 9-15, 1973. In Clarendon County, 17.5 inches of rain was mea-
sured on June 12. At I-95, a few miles north of Manning, water 3 feet deep was
running across the southbound lanes.

Major flash flood in Laurens; Saluda River at Ware Shoals had highest crest since
1929 flood. Damage, $4-6 million.

Hurricane Dennis, greater than 6 inches of rainfall caused significant flood damage
in low-lying areas. Greatest flood on upper Waccamaw River since 1945.

Hurricane Hugo made landfall at Isle of Palms, S.C. Winds: 140 miles per hour.
Gusts: 160 miles per hour. Costliest storm in South Carolina’s history. Deaths,
35; damage, more than $6 billion. Storm surge over 20 feet. Severe inland
damage as winds gusted to 109 miles per hour at Sumter, S.C.



Table b.

Summary 23

Chronology of major floods in North Carolina since 1876 and in South Carolina since 1893.—Continued

[Much of the information is from U.S. Geological Survey, 1985, and other sources as noted in Remarks]

Date Area affected

Remarks

South Carolina—Continued

October 10-12, 1990 Central South Carolina

The remnants from Tropical Storms Klaus and Marco caused heavy rains and

flooding; 10-11 inches rain reported in Spartanburg County; 120 dams failed
statewide; 80 bridge failures; Deaths, 5.

October 8-9, 1992 Southern South Carolina

Northwestern Piedmont
South Carolina

August 25-29, 1995

Rainfall, 9 inches in 24 hours. Bridge failures; homes damaged; 90-car train
derailed.

Tropical Storm Jerry tracked through the upstate of South Carolina, causing flash
floods and dumping 8-10 inches of rain in about an 8-hour period. Some rain

totals exceeded 20 inches. Several large dams broke causing flooding across the
State. Estimated $4-5 million worth of damage to roads and bridges.

September 16, 1999 Waccamaw and Lower Pee

Dee River Basins

Hurricane Floyd: Rainfall was heavy along coastal counties; 12 inches in George-
town County; 18 inches fell in eastern Horry County. The heavy rains caused

flooding to many roads and buildings. Waves were reported to be 15 feet at
Cherry Grove where damage was the greatest.

October 1-5, 2015 Midlands and Coastal Plain

Heavy rainfall occurred across South Carolina as a result of an upper atmospheric

low-pressure system that funneled tropical moisture from Hurricane Joaquin
into the State. About 21.5 inches of rain was recorded in Columbia and almost
27 inches of rain was recorded near Mount Pleasant.

Central and eastern South
Carolina

October 7-9, 2016

The passage of Hurricane Matthew across the central and eastern regions of North
Carolina and South Carolina during October 7-9, 2016, resulted in rainfall totals

of 3 to 8 inches and 8 to more than 15 inches, respectively, across the regions
(Weaver and others, 2016). Major flooding occurred in parts of the eastern
Piedmont in North Carolina and coastal regions of both States. U.S. Geological
Survey streamgages recorded peaks of record at 26 locations, including 11 sites
with long-term periods of 30 or more years of record. A total of 44 additional
locations had peak streamflows that ranked in the top 5 for the period of record.
A total of 28 lives were lost in North Carolina, and five lives were lost in South
Carolina. Damages in North Carolina from the storm were estimated at $1.5 bil-
lion (not including State infrastruture and agriculture). In South Carolina, Hur-
ricane Matthew caused nearly $341 million in damage to public property.

Summary

During September 2018, major flooding occurred
on numerous streams and rivers mainly in the central and
southern parts of North and South Carolina as a result of
Hurricane Florence. Hurricane Florence came ashore just after
dawn on September 14, 2018, and then began a slow move-
ment across the Carolinas. Maximum 4-day total rainfalls of
almost 36 inches occurred in some parts of North Carolina,
setting new statewide rainfall records. Many areas of the State
set new State records for rainfall exceeding the previous State
record for rainfall from a tropical system of 24.06 inches
that was set over a 4-day period in Southport, N.C., during
Hurricane Floyd in 1999. In South Carolina, the highest
total rainfall from Hurricane Florence of 23.63 inches was
reported in Loris, S.C., and was the highest recorded total
rainfall from a tropical cyclone, replacing the previous total of

17.45 inches associated with Tropical Storm Beryl in 1994.
More than 40 deaths were attributed to Hurricane Florence,
and property damage was widespread with early estimates in
North Carolina in the range of $22 billion. In South Carolina,
estimated damages are expected to exceed $1.2 billion.

Peak streamflow and stage data at 84 streamgages
in North and South Carolina, collected by the U.S. Geo-
logical Survey (USGS), are documented in this report. The
streamgages have at least 10 years of systematic record and
had peaks for the September 2018 flood ranking in the top 5
for the period of record. New peak streamflow records were
set at 28 USGS streamgages, with an additional 49 USGS
streamgages having September 2018 peaks ranking in the
top 5 for the period of record. In the Pee Dee River Basin, a
new peak of record (66,900 cubic feet per second [ft’/s] at a
stage of 17.21 feet [ft]) was recorded on September 21, 2018,
for streamgage 02135000, Little Pee Dee River at Galivants
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Ferry, S.C., and was the largest peak in the 77 years of record.
Historical information indicates the September 2018 peak was
the largest since at least 1928. In the Waccamaw River Basin,
a new peak of record (53,600 ft*/s at a stage of 22.61 ft) was
recorded on September 19, 2018, for streamgage 02109500,
Waccamaw River at Freeland, N.C., which was the largest
peak for the 77 years of record going back to 1940.

For the 28 streamgages for which the September
2018 peak streamflow was the peak of record, at-site
flood-frequency estimates were computed using all available
peak-streamflow data through September 2017 and including
the September 2018 peak from Hurricane Florence. The at-site
flood-frequency estimates were weighted with the appropriate
USGS regional regression equations and, based on those
weighted results, annual exceedance probabilities (AEP)
were estimated for the Hurricane Florence peak streamflows.
For the 28 streamgages, 9 had floods with an estimated AEP
of less the 0.2 percent (greater than a 500-year recurrence
interval), 3 had an estimated AEP equal to 0.2 percent (500-
year recurrence interval), and 6 had floods with an estimated
AEP of between 0.2 and 1 percent (between a 100- and
500-year recurrence interval). The AEP for the remaining
10 streamgages was estimated to be between 1.5 and 7.1 per-
cent (between a 67- and 14-year recurrence interval).
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BACKGROUND

Hurricane Florence impacted the coast of North Carolina and South Carolina during September 14 — 16,
2018. Historical amounts of rainfall fell in parts of North Carolina and northeastern South Carolina,
significantly impacting the rivers in the Pee Dee River Basin. In South Carolina, the Pee Dee River Basin
includes the following rivers:

Great Pee Dee River
Little Pee Dee River
Waccamaw River
Lynches River
Black River
OBJECTIVE

Since 2009 Infrastructure Engineers (since 1998 for Jeff Rowe) has been involved in the underwater
inspections of SCDOT Bridges. Based on our knowledge, resources and research, we have put together
the following document to help determine the impact of rising waters in the rivers of the Pee Dee Basin.
The information presented is a summation of the most current underwater inspection reports; available
plans (those that Infrastructure Engineers has in our plan library); USGS and NOAA stream gauge data;
and engineering evaluation of the data. There have not been any field investigations performed to date
and the hope is this document will help guide the SCDOT to prioritize field investigations and monitoring
of bridges in the basin.
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Great Pee Dee River

PEE DEE RIVER AT PEE DEE
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The Great Pee Dee River is projected to crest this weekend close to historical levels of 1945.

The following are bridges located in Great Pee Dee River that are included in the underwater inspection
program and the last underwater inspection date is shown.

2110009511600 5045 Florence November 3, 2016 I-95 NBL Great Pee Dee River
2110009531600 5051 Florence March 8, 2016 [-95 SBL Great Pee Dee River
3420007620100 3923 Marion  September 18, 2016 US 76 EBL Great Pee Dee River
3420007640100 8579 Marion  September 18, 2016 US 76 WBL Great Pee Dee River
3420037800100 2216 Marion  September 18, 2016 US 378 Great Pee Dee River
3520000110100 3928 Marlboro  September 15, 2016 US 1 NBL Great Pee Dee River
3520000130100 889 Marlboro  September 15, 2016 US 1 SBL Great Pee Dee River
3520001500100 1391 Marlboro  September 15, 2016 UsS 15 Great Pee Dee River
3540003400100 8902 Marlboro June 13, 2012 SC 34 Great Pee Dee River
2220001700500 5061 Georgetown October 16, 2016 us 17 Pee Dee F
2220070100500 2034 Georgetown April 25, 2013 USs 701 Pee Dee H

A
k=4

xﬁ INFRASTRUCTURE

ENGINEERS

er
el



1-95 NB over the Great Pee Dee River

Bridge ID No. 2110009511600
Pier M, West Face

I-95 NB over the Great Pee Dee has
been monitored over the last couple
of year due to the significant
migration of the channel towards the
north abutment. When the bridge
was constructed in the mid-1960’s
Piers O and P were located in the
center of the river channel. Now
with the migration, Pier N is located
in the middle of the channel and Pier
M is at the edge of the channel, with
the potential for Pier L to be exposed
as well. Currently the footing of Pier
N is undermined with timber piles
exposed.

o
. PLAN-TOP OF CAP

LR =
T s
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1-95 SB over the Great Pee Dee River

Unlike 1-95 NB, the migration
of the channel has not been as
significant at the SB bridge. At
the time of construction Piers J
and K were located in the main
portions of the channel. Today
they are still located in the
channel. There is seal
exposure of up to 3 ft. at Pier
K, but no undermining as of
the 2016 inspection.

Bridge ID No. 2110009531600

Downstream Fascia

Concern — Flooding would cause additional undermining of Pier K, exposing the timber piles.
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US 76 EB & WB over the Great Pee Dee River

Foundation — Footing/Seal/Timber Piles
Footing Exposure — Pier B up to 1.5 high

Remaining Footing & Seal - 7.5’
bottom of seal at Elev. 12.8 @ Pier B

Clearance

FG @ Pier B=67.5

Top of Cap Pier B=56.8
T 1945 Flood Elevation = 58.6

Bridge ID No. 3420007620100

Downstream Fascia

WB
Foundation — Footing/Seal/Steel H-Piles
Footing Exposure — None

Remaining Footing & Seal >17’
bottom of seal at Elev. -9.5 @ Pier B

Clearance
FG @ Pier B=69.7
Top of Cap Pier B=61.2

1945 Flood Elevation = 58.6 (from EBL)

Bridge ID No. 3420007640100
e Concerns =Overtopping of the Pier Cap
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US 378 over the Great Pee Dee River

Bridge ID No. 3420037800100

Downstream Fascia

Foundation — Drilled Shafts

Clearance
FG @ Bent 3=65.3
Top of Cap Pier B=57.3

100 Yr Flood Elevation = 40.63
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US 1 NB & SB over the Great Pee Dee River

River may have already crested at these bridges

NB
Foundation — Spread footing keyed in rock

Footing Exposure — Undermining at Pier C
up to 15” high x 12” penetration

Bottom of footing at Elev. 13.9 @ Pier C

Clearance

FG @ Pier C=82.8
Top of Cap Pier C=73.9
1908 Flood Elevation = 74.0

Concerns = Overtopping of the Pier Cap —
Undermining of Footings

Bridge ID No. 3520000110100

Downstream Fascia

SB
Foundation — Spread footing keyed in rock

Footing Exposure — Undermining at Pier D
up to 4” high x 22” penetration

Bottom of footing at Elev. (no plans)
Clearance

FG @ Pier (no plans)

Top of Cap Pier (no plans)

1908 Flood Elevation = 74.0 (NBL Plans)

Bridge ID No. 3520000130100
Downstream Fascia Concerns = Overtopping of Pier Cap —

Undermining of Footings
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US 15 over the Great Pee Dee River

Bridge ID No. 3520001500100

Downstream Fascia

Foundation — Drilled Shafts

Clearance
FG @ Bent 10=99.4
Top of Cap Bent 10=91.38

100 Yr Flood Elevation = Not shown on plans
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SC 34 over the Great Pee Dee River

Bridge ID No. 3540003400100

Foundation — Drilled Shafts

Clearance
FG @ Pier D=79.7
Top of Cap Pier D = Not available

100 Yr Flood Elevation = Not shown on plans

A
k=4

xﬁ INFRASTRUCTURE
ENGINEERS




US 701 over the Great Pee Dee River

Not sure if the new bridge has been opened to traffic

OLD Bridge

Foundation —Footing/seal/timber
piles

Footing Exposure —8’ of seal
exposure at Pier F

Bottom of footing at Elev. -31.8 @
Pier F

Clearance
FG @ Pier F=46.1

Concern =Undermining of Footings —
however large number of piles

New Bridge

Foundation — Drilled shafts

No plans available on the new bridge.
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Little Pee Dee River

PEE DEE RIVER AT PEE DEE

Universal Time (UTC)
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| PDES1(plotting HGIRG) "Gage 0" Datum: 24.73' | | Observations courtesy of US Geological Survey |

The Little Pee Dee River is expected to crest at 30.7 ft. This is close to the historic flood of 1928. Many
of the bridge plans reference the 1928 flood.

It should be noted that the NOAA gauge located downstream from the inlet with the Lumberton River,
so it is hard to determine the actual flows at the bridge. Some of the projected high water levels
discussed below may actually be less since it is based on the NOAA projected data.

The following are bridges located on the Little Pee Dee River that are included in the underwater
inspection program and the last underwater inspection date is shown

1710009510900 5280 Dillon April 26, 2013 [-95 NBL Little Pee Dee River
1710009530900 5281 Dillon April 26, 2013 I-95 SBL Little Pee Dee River
1720030100400 1184 Dillon March 8, 2016 US 301 Little Pee Dee River
3420007600700 45 Marion June 13, 2016 US 76 Little Pee Dee River

A
k=4

xﬁ INFRASTRUCTURE

ENGINEERS




1-95 over the Little Pee Dee River

Britige ID No. 17100095

SCCOT

o "o
i i
g - »
A - i
- ¢

0000
»

NBL

Foundation —Concrete Piles
Pile Exposure ~ 23’

Pile length = ~45’

Clearance

FG @ Bent 7=108.5

Top of Cap Bent 7 = 106.4
1928 Flood Elevation = 103.0

Concerns = Water is projected to
come within ~3’ of the top of Cap.

SBL

Foundation — Concrete Piles
Pile Exposure ~ 25’

Pile length = ~45’

Clearance

FG @ Bent 7=108.5

Top of Cap Bent 7 =106.4
1928 Flood Elevation = 103.0

Concerns = Water is projected to
come within ~3’ of the top of Cap.
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US 301 over the Little Pee Dee River

Bridge ID No. 1720030100400

Upstream Fascia

Foundation — Concrete Piles

Pile Exposure ~ 17’

Pile length = Unknown (plans may indicate greater than 20’)
Clearance

FG @ Bent 13=102.0

Top of Cap Bent 13 =99.5

1928 Flood Elevation = 98.4

Concerns = Water is projected to come within ~1’ of the top of Cap.
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US 76 over the Little Pee Dee River

Bridge ID No. 3420007600700

Downstream Fascia

Foundation — Footing/seals/piles(?) — steel piles for overhangs — no available plans
Seals exposed up to 0.7

Clearance

No available plans, however normal waterline to top of cap is ~ 13’

Concerns = Water is projected to come within ~2’ (11’ rise) of the top of Cap. — need to review plans to
verify.
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Waccamaw River

WACCAMAW RIVER NEAR CONWAY

Universal Time (UTC)
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The Waccamaw River is projected to significantly crest well above the record flood level of October
2016. We do not have plans in our plans library for a number of the bridges listed below; however,
there is limited risk of water overtopping the pier caps and only one structure has footing exposure.

The following are bridges located over the Waccamaw River that are included in the underwater
inspection program and the last underwater inspection date is shown.

2220001700600 4792 Georgetown July 29, 2016 usS 17 Waccamaw River
2620050105200 2753 Horry March 16, 2016 US 501 BYP Waccamaw River
2640002221200 9696 Horry March 14, 2016 SC 22 EBL Waccamaw River
2640002241200 9697 Horry March 15, 2016 SC 22 WBL Waccamaw River
2620050103100 793 Horry March 15, 2016 US 501 Waccamaw River {JISCLR

SCCOT
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US 501 over the Waccamaw River

Bridge ID No. 2620050103100

Downstream Fascia

Foundation — Footing and timber piles
No footing exposure — no plans for elevations

Clearance — over 50’ from normal water lever to FG — no plans available

SCCOT
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US 501 BYP over the Waccamaw River

Bridge ID No. 2620050105200

Downstream Fascia

Foundation — Footing and timber piles
Footing exposure up to 3.5’ high Pier 11— no plans for elevations
Clearance — over 35’ from normal water lever to FG — no plans available

Concerns = undermining of footing — need to review plans
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SC 22 over the Waccamaw (EB & WB) River

P

Bridge ID No. 2640002241200

Upstream Fascia

Foundation —Drilled Shafts ? — No plans available for confirmation/elevations

Clearance — over 30’ from normal water lever to FG — no plans available
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US 17 over the Waccamaw River

.P.i}

Bridge ID No. 2220001700600

Downstream Fascia
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Foundation —Footing/Seal/Steel Piles
Undermining up to 8.5’ on Pier |

Concerns = No concerns during the flooding, however, extreme flows may cause additional significant
undermining of the Piers. 8.5 is from the 2016 inspection, so it could have even increased more since
then and may be significantly deeper after the flood. m

xﬁ INFRASTRUCTURE

ENGINEERS




Lynches River

LYNCHES RIVER AT EFFINGHAM
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The hydrograph for the Lynches River indicates an initial crest of 9.44 ft. on Monday and it has leveled

off. However, it is showing that later this week it will dramatically increase to major flood stage.

Looking at the river basin it is difficult to understand the dramatic increase later this week, unless there

is a scheduled release of water from the reservoir located at the headwaters of the Lynches River.

Even with the projected increase to major flood status, the river level will still be below the crest in
October 2015. Furthermore all of the bridges over the Lynches River (except one) — US 52, US 76, US

301, US 378, SC 41 and I-20 are founded on either concrete piles or drilled shafts. US 15 over the

Lynches River is founded on a footing/seal/pile foundation, however, there is significant cover over the

footing.
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Black River

BLACK RIVER AT KINGSTREE
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The hydrograph for the Black River indicates a crest this weekend of 10.9 ft, well below flood stage and

over 12 ft below the historic levels of October 2015. Because of this, there is no concern for a

ny of the

structures spanning the Black River (S-22-179, US 378, US 52 or US 41) as well as the |-95 structures

which were significantly impacted in 2015.
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